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PREFACE

This final report describes work performed for the
Communications System Center, Multichannel Transmission
Division of CORADCOM by Bell-Northern Research under
Contract DAAK80-79-C-0771 awarded by Ft. Monmouth, New
Jersey. The effort was directed toward fulfiliing the
objectives of Technical Guidelines dated 10 July 1978
and in general support of the U.S. Army's Fiber Optic
Development Program.

This period covered by this report is May 1979 to
November 1980.
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1. INTRODUCTION

A develounental model, hermaphroditic, 6-fiber optical fiber cor;nector system
has been developead by Bell-Northern Research (BNR) under contract to the

U.S. Army Communications Research and Development Command (CORADCOM), Fort
Morsouth, New Jersey. This report details the results of the developwent.
specifically, this report ontains;

a) a description of the fiber aliynaent concept (section 2).

b) a description of the connector pluy and bulkhead receptacle designs
(section 3},

¢) detailed installation procedures (section 4},

d) a sunnary of test results (section 5), and

e) recamiendations concerning final development (section 6).

In addition to this final report, the followiny documentation has been {
provided to CORADCOM; j,

a) BHNR Test Report TR-1D42-03-80, and
L) Engineering Drawings to MIL-D-1000, level 1.

The intended application confiyuration for this connector system is
illustrated in Figure l.1. A hermaphroditic pluj is used to terminate ooth
erds of a cable section. The hemiaphrodicity of the pluy allows the cable
assemblics to be deployed and nated i any orientation. At equipment
locations the cable assembliuvs are terminated in a bulkhead receptacle. The
receptacle accepts individual (uncabled) fibers which are oonnected to

opto~electronic trangnitters and receivers,

The connector enploys a fiber aligmment concept that was developed by BNR

prior to this contract(l),




As per contract requirements, the oconnector was designed for and tested with
an ITT external strenyth member optical fiber cable. The cross-section of
this 6~fiber cable design is shown in Figure 1.2.
supplied by CORADCOM as identified in Table 1.1,
fiber parameters are listed in Table 1.2.

Cable samples were

The specified and measured
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OPTVICAL FIBERS
KEVLAR®49-1420 DENIERS

POLYURETHANE JACKET

"-/,/'_///f~POLYURETHANIE INNER JACKET

NON-IMPREGNATED KEVLAR®49
1420 DENIERS 18 YARNS

“OUTER POLYURETIHIANE JACKET

OPTICAL FIBER 0.D. = 94 MM
ALl. DIMENSIONS IN MM

p -~ 356
1
et 4.37 >
e~ 6.35 MA——————>]

! FIGURE 1.2: ITT CABLE CONSTRUCTION

B B TR OIS RN,




TABLE 1.1: ITT CABLE SAMPLES FROM CORADCOM

o s el T ———

Cable Naninal
Identification Length
120378-2A-11 500 m
V30279-MA-2 310 i
020979-MA=-2 310 m
022679-MA-2 310 m

- 5 -

Usage

Initial develogment and
investigative testing.

Development testiny amd formal
test proyram., Terminated with
connector pluys and returned to
CORADCOM.

Terminated with connector plug
arxl returned to CORADCOM,

Terminated with connector plug
and returned to CORADCOM.
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TABLE 1.2: ITT FIBER PARAMETERS

Parameter Specification Reported by ITT or
Measured by BNR

Index Profile Graded -
Core Diameter 56 + 6 um 55 to 64 um,
max imum ovality of 4 um (1)
Cladding Diameter 125 + 6 g 119 to 131 am, ;
max imum ovality of 4 um (1) i
!
Mdre/Cladding not specificd - i

Concentricity

Nunerical 0.2 0.15 to 0.21 (2)
Aperature (N.A.)

Bufter Jacket Diamneter 940 + 7 am up to 1000 um (1)

Buf fer Jacket Material Hytrel owver silicone -

Note: (1) Measured by BNR. ‘These are spot-check measurements and are not

necessarily representative of all fibers,

{2) Reported by ITI.




2. FIBER ALIGNMENT PRINCIPLE

The fiber interface consists Of two ferrules and a formed VEE-groove
aligmuent member as shown in Figure 2.1 (a). The ferrule is a stainless
steel tube formed to produce, simultaneously, a flange and a key. The
aligmment meaber is blanked, formed, precipitation-hardened beryllium copper
sheet oconsisting of a rigid Vec and two spring tabs, integral in the same
part.

Positioning of the fiber in the ferrule is accunplished by casting an
aligmment bore inside the ferrule as illustrated in Figure 2.1 (b). The
position of the alignment bore in the ferrule 1s controlled by means of a
ferrule castily fixture, The fixture has two VEE sections in a fixed
relationship with one another. Section ‘'a' nolds the end of the ferrule and
section 'o' suppurts a steel mandrel, The outside dianeter of the emd of the
mandrel is slightly larger (1 to 2 um) than the outside cladding diameter of
the fiber. A low melting point metal (Cerrocast) is then injecteal throuwgh
the casting port. After cooling and solidifying (a few seconds) the mandrel
is withdrawn, leaving a cast aligmment bore which is a close fit to the
fiber. The develommental model terrule casting fixture is shown in

Figure 2.2. Because all of the ferrules are cast on the same (or identical)
fixtures, the position of the alignment oore in each ferrule with respect to
the fixture surfaces 'a' is identical, irrespective of the variation in the
vutside diameter of the ferrules. In the connector the Vee groove in the
aligmment member duplicates the surface 'a', thereby aligning the bores of
the two ferrules which will contain the installed fibers. That is, dimension
'c' is accurately transferred fram the casting fixture t the mated ferrules
in a comnector with no tolerance build-up due tO variations in ferrule

dianeter.

Synuaetry about the vertical centerline is essential for proper fiber-to-fiber
aliymient, ‘his is achieved by fixing the rotational orientation of each
ferrule key and by fixing the rotational orientation of the aligninent menber
using an orientation sleeve within the connector budy; that is, the two
ferrule keys and the aligiment wenber are all ield in a fixed rotational
orientation,

i wA ks M i
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FIGURE 2.2:

FERRULE (ASTING FIXTURE




3. CONNECTOR CONEIGURATION
3.1 Plwy

The interconnection of cable sections is accoaplished using the
hemaphroditic pluj assembly, shown in Figure 3.1, Because the pluys are
identical, the cable assciblies can be deployed in any orientation. The
three-pronged mating interface contains three aligmaient members. The
interface is keyed to permit mating in only one orientation. A white dot on
each mating interface inuicates the correct orientation for mating., Six
ferrules are independently spring mounted 1 the inner bousing. These extend
into the mating interface; three into the alignment members amd three into
the spaces between the prongs. The terrules are well grotected from
accidental danaye by the mating interfece and the pluy housing which extends
flush t the end of the ferrules. The terrule mounting oconsists of a
canpression spring and a metal clip (between the spring and ferrule flange).
The rotational orientation of the terrule 15 fixed by a keyway in the housing
which accepts the ferrule's key., A plastic sleeve in each of the three
pronys of the mating interface fixes the rotational orientation of the

al iyment members.

The cable teruination wmardware 1s attached at the rear of the inner housing
(details below). A cable strain relief nut locks the outer housing in place
over the 1nner lousing assenbly. A cowling nut is provided on each plug.,

Oily one 1s requirad for ¢ plug-to~pluj assembly.

The fibers are looped within the pluy bousing to provide slack fiver. This
pennits repeqatex fiber end preparation (when required) during installation of
the ferrules and alsv allows tor the repalr or replacement of individual

ferrules,
Access to che tiber onds and al igymient maabers for cleaning (when required)

i1s achieved by louseniny a simgle screw which allows the mating interface to

e raaoveaed.,

- 10 -
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Each plug is provided with a protective cap which is also hermaphroditic,
pemmitting the caps to be mated when the pluys are mated, thereby protecting
then from contamnination auring field deployment,

Fiyure 3.2 shows the ilnstallad connector plug;

(a) with the protective cap in place.

(p) with the protective cap ranoved.

(c) mated in a plug-to-pluy configuration.,

(d) with the mating interface removeal to gain access t the fiber ends and

al ignment uember for cleaning.

The housings, mating wnterface, coupling nuts, cable strain reliet and

protective cap are made ot black-anodized aluninum,

3.2 bulkhead Receptacle

The ovulkhead receptacle, Pigure 3.3 5 used to terminate the connector plug
assembly at an eguipnent location. ‘L receptacle is attachel throush a D
hole in the equipment panel. The wating interface, containing three
aligmient members, is identical to that used on the connector pluy., The six
ferrules are spring-loaded and oriented similarly to the pluy construction.
The ferrules, which are rear-inserted, are individually accessable for
repalr, replacenent or re—-arrangement, The codpling nut on the pluy threads

onto the receptacle to secure the mated assenbly.

Each bulkhead receptacle is also provided with a lermaphoriditic protective

cap.

Figyure 3.4 shows the installed bulkhead receptacle;

(a) with the protective cap in place,

- 11 -
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(L) with the protective cap removed,

(c) mated to a plug.

(d) rear view shiowing the fiber entry.

The housing, mating interface, retention nut and protective cap are made of
black-anodized aluminum.

3.3 Peatures of the Connector

(a) Access to Fiber bnds

The ferrule (and fiber) ends, and tie al Ijiluent maabers are easily

accessed for cleanlng by lovsening ok screw and removing the mating

interface.,

(o) Ron-wntacting Fiber Buds
Each fiber end 1s slightly (5 to 10 um) recessed into the end of the
ferrule, This prevents fiber-to-fiber contact in the matad condition

and avolds danage tw the tiber ends,

(c) Slack Fiber ‘

An excess of tiber can be stored within the oonnectur. This allows for
repeated tiber e preparation (which 1s often regyuired because of the
incounsistent cleaving characteristics of tibers) without having to
replace ferrules during installation. T slack also gives ready access

to individual terrules tor cepaic or re-arranganent,

(d) Saall 5i2e

‘The outside diqweter ot the oonnector pluy i1s only 3.8 an (1.5 in) and
the pluy lenjgth 15 L1.7 aa (4.6 in). The bulkhead receptacle has a very
! tlat profile behind the cquipient anel (1.e, occuypies very little

space) .
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Cable
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Strain Relief

Looped
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Nut

Protective )
Cap |

Mating

Interface

Ferrule

Outer \

38cm

Housing \

Buffered \

Fiber

Orientation
Sleeve

.

Alignment
Member

Ferrule Key

e on ittt

N

Ferrule Flange

Clip

Compression

Spring

Inner —
Housing

FIGURE 3.1: CONNECTOR PLUG
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{a) PROTECTIVE CAP DN PLACE

(b) PROTECTIVE CAP REMOVED
FIGURE 3.2: CONNECTOR PLUG
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{c) MATED: PLUG-TO-PLUG

(d) MATING INTERFACE REMOVED
FIGURE 3.2: CONNECTOR PLUG

- 15 -
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Equipment

_—_———(/
Panel \

Mating

______—‘/ .
Interface \

Ferrule . {

Spring

Retainer —— ‘\

Compression
Spring

Protective

S

- e
-7 /

VN
—
Al NN\

c:

Cap

FIGURE 3.3:

BULKHEAD RUCEPTACLE
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{a) PROTECTIVE CaP IN PLACE

{b) PROTECTIVE CAP REMOVED
FIGURE 3.4: BULKHEAD RECEPTACLE
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(c)

(d)
FIGURE 3.4:

MATED ‘U PLUG

REAR VIEW
BULKHEAD RECEPTACLE
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(e)

(£)

(9)

(h)

Seal ing

The oconnector pluy and bulkhead receptable are sealed against moisture
imgyress in either the mated or ummated conditions (with the protective
cap in place). This is accanplished using '0'~rings and a sealing tape

within the plug's cable strain relief,
Henuaphroditic Protective Cap

The protective caps can ve mated toyether when two plugs or a pluy and
bulkhead receptacle are mated. This prevents contamination of the

internal cavity of the caps.
Adaptability to Fiber and Cable Changes

The connector diameter can e increaseu if necessary to acconadate a
fiber with a laryer lossless pending radius (i.e. snaller N.A.). The
cable termination is readily adaptable to evolutionary modifications in
the external strenyth member cable udesiyn., The cast ferrule is easily
adapted to changes in fiber cladding diameter with only a siunple change
in tooling,

Rear-insertion Ferrules
The ferrules in the bulkhead receptacle are Ilnserted and removed from

the rear, This pennits removal of individual ferrules for repair,

replacement or re—arrangenment without having to remove the entire

connector.

- 19 -




4. CONNECTOR INSTALLATION

4.1 HBguipment

The equimment listed in Table 4,1 is required to complete the installation of
the connectur pluy amd bulkhead receptacle,

4.2 Fiber Installation

4.2.1 General

The equipment and procedure used to install a fiber in the connector ferrule
is identical for both the pluy and bulkhead receptacle. The equipmnent ard
procedure are described in this section. The sequencing of this operation is
detailed in the followiny sections.

4.2.2 PFerrule Installation Fixture

Installation of a fiber into a terrule requires the use of specialized
installation fixture, illustrated in Figure 4.1 (a). The main camponents of
this fixture are a ferrule retention clamp, a retractable fiber positioning

rod amd a tiber clamp.

4.2.3 Procedure

The following procedure is used tu install a fiber into a ferrule. The
bracketed numbers in this sections refer to the equipment item nuubers in
Table 4.1.

(a) set-up the ferrule installation fixture (1) as follows.
Draw back and lock the fiber positioning rod. Luwer the fiber clamp.
Place a ferrule into the fixture and hold it in place with the retention

clamp (Figure 4.1 (b)).

P




2.

3.

6.

8.

TR g MRS v 40 i e

TABLIE 4.1:

Item

Ferrule installation

fix ture

Hot plate

Epoxy adhesive

Mixiny sticks

Mixiny plate

otton swabs

Silicone softeniny

agent

Organic solvent

Description

BNR drawing number
1D42 - 1507
Figure 4.1

Corning PC-351 or
equivalent

Hysol Epoxy Patch
Kit (2-part)

Flat woaden sticks

Flat, smooth clean
metal or glass

surface ~5 an x 5 am

Q-tips or industrial
quality cotton swabs

M-Pyrol made by
GAF Corporation
140 West S51st St.,
New York

Methanol or denatured
ethanol

- 2] -

EQUIPMENT FOR CONNECTOR INSTALLATION

Function
To position and retain
the fiber with respect
to ferrule
T> accelerate curing
of the epoxy used to
bord the fiber into

the ferrule

™ bord the fiber into
the ferrule

To mix 2-part epaxy

To mix 2-part epoxy

To clean fiber ends

™ ranove residual
silicone material fram
stripped fiber

™ clean fiber ends




TABLE 4.1: EQUIPMENT FOR CONNECTOR INSTALLATION (Con't)

Item

9. Fiber stripper

10. Fiber cleaviny tool

11. Knife

12. Scissors

13. 7/16" wrench

14, 3/4" wrench

15, 9aall screw driver

Description

No-Nik (0.010 in)
Clauss Franmount, USA
or other suitable tool

Any camnercially -
available equigment
capable of providing
a cleavad length of
6 rm with an erd
angle of 3° or better
{Figure 4.2)

Any caaer ical brand

Any cumuerical bramd

Any comnercial bramd
or adjustable wrench

Any comaerical bramd
or adjustable wrench

Ay comaerical brard

- 22 -

Function

To reiwve protective
jacket fram fiber end

To provide a smooth
snooth flat end face
on the fiber after
stripping and prior t
installation in the
ferrule

To cut cable sheath

T trim cable strenjth
meanbers

To tighten cable
termination into plwy
housing

T tighten cable
strain relief onto

pPlu housing

To attach ferrule
retainer to oonnector
bulkheal receptacle




TABLE 4,1: EQUIPMENT FOR CONNECTOR INSTALLATION (Con't) \

Item Description Function
l6. Medium screw driver Any comnercial brand T attach (or remowe)

mating interface
assembly to oconnector
pluy or bulkhead
receptacle

17. 1 3/4" wrench Custau made or To attach connector
commerclially available bulkhead receptacle to

equipnent panel

18. 2 1/64" Custan made or T attach connector
camercially available bulkhead receptacle to
equipnent panel

19. 4" needle-point Any camaercial brand T facilitate
tweezers installation of
ferrule retention

mechanism in connector
plug.

R S,

-23 -
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Ferrule Retention Clamp
Fiber Positioning Rod

Fiber Clamp
[
I= ( —_— I = ;_ =
= e e

" o —
Movement
0f Knobs
o |- 4% Ao & A5 T
[,_O_ - —w:‘ft‘ ﬁ\m_\:’ \B_Ti____
R
Ferrule Retention
ltEE D Clamp Knob
i i
( i == |
L‘ 12.9 cm o ___“wAVM____~_.4

FIGURE 4.1 (a): FERRULE INSTALLATION FIXTURE
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(b)

(c) FIBER INSERTED THROUG{ FERRULE
FIGURE 4.1:

i
]
i
H
il
]
[
;

FERRULE [OCATED IN FIXIURE

FERRULE INSTALLATION FIXTURE




(d) FIBER RECESSED (N FERKULE AND CLAMPED

FIGURE 4.1: FERRULE INSTALLATION FIXTURE

—




(b)

(c)

(u)

(e)

(f)

(9)

(n)

(1)

Strip approximately 2.5 an of the fiber coating frum the end of the
fiber using a suitable stripping tool (9).

Cleave the end of the fiber with a suitable cleaving tool (10) to
praduce a bare fiber length of 6 mm between the cleaved fiber emd and
the end of the stripped coating. The fiber end angle should be smooth
and a maximum of 3°. An interferumetric technique? can be used to
confim the quality of the fiber emd preparation.

A prototype BNR tiber cleaving tool, illustrated in Figure 4,2, was used
for fiber preparation durinj this development, It works on the
"bend-tension-score” principle3, The cleaving tool was adjusted for
optimun performance with the ITT fibers.

Clean the bare fiber end by uipping into a silicone softening ajent (7)
and then wiping the bare fiber emd with a cotton swab (6) soaked in
solvent (8).

Mix a snall portion of the epoxy adhesive (3,4,5) and apply the adlesive
alony the sides of the bare fiber amd onto the coating. The adhesive
should not cover the end of the fiber.

Insert the fiber end throwh the ferrule in the installation fixture (1)
until the cleaved end extends beyond the end of the ferrule

(Figure 4.1 (c)).

Clean the fiber end with a cotton swab (6), svaked in solvent (8).

Unlock the fiver positioniny rod amd advanoe it to slowly push the fiber
back into the ferrule.

A small protrusion on the end of the positioning rod insures that the
fiber erd is slightly recessed (5 to 10 am) with the ferrule.

Clawp the fiber in place (Figure 4.1 (d)).
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(b)

(c)

(u)

(e)

()

(9)

(n)

(1)

Strip approximately 2.5 an of the fiber oating from the end of the
fiber using a suitable stripping tool (9).

Cleave the end of the fiber with a suitable cleaving tool (10) to
praduce a bare fiber length 0f 6 mm between the cleaved fiber emd and
the end of the stripped coating. The fiber end angle should be snooth
and a maximum of 3°, An interferumetric techniquel can be used to
confim the quality of the fiber emd preparation.

A prototype BNR fiber cleaving tool, illustrated in Fiyure 4.2, was used
for fiber preparation durinj this develogment. It works on the
"bend-tension-score” principle3. The cleavingy tool was adjusted tor

optimun performance with the ITT fibers.

Clean the bare fiber end by uipping into a silicone softening agent (7)
and then wiping the bare fiber end with a cottuon swab (6; soaked in

solvent (8).

Mix a gmall portion of the epoxy adhesive (3,4,5) and apply the adhesive
alony the sides of the bare fiber amd onto the coating., The adhesive
should not cover the end of the fiber,

Insert the fiber end throwh the ferrule in the installation fixture (1)
until the cleaved end extends beyond the end of the ferrule
(Figure 4.1 (c)).

Clean the fiber end with a cotton swab (6), sovaked in solvent (8).

Unlock the fiver positioning rod and advanoe it to slowly push the fiber
back into the ferrule,

A small protrusion on the end of the positioning rod insures that the
fiber end is slightly recessed (5 to 10 um) with the ferrule,

Clawp the fiber in place (Figure 4.1 (d)).




FIGURE 4.2:

BNR FIBER CLEAVING 'MOOL
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Fiber Ferru]e-\ Cast Material .]

l - Adhesive Qver
r iThis Length
i |
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6mm___! Bare Fiber
23.4 mm _ -

FIGURE 4.3: CROSS-SECTION OF INSTALLED FERRULE

FIGURE 4.4: FERRULES AND ALIGNMENT MEMBER
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Place the installation fixture on a hot plate (2), (adjusted to heat the
ferrule to appraximately 90°C; temperature control set to “low") ard

allow the epoxy to cure for 15 minutes,

(k) FRemove the installation fixture fram the hot plate ard allow t© cool for
approx inately 5 minutes before rewoving the ferrule.
A cross-section of the campleted ferrule installation is illustrated in
Figure 4.3. samples of the ferrules and aligninent member are shown in
Figure 4.4

4.3 Plug

The procedure for installing the connector plug to the ITT cable is as

follows. The bracketed numbers in this section refer to the equiprent item

nunbers in Table 4.1. The connector hardware items and their relative

positions are illustrated in Figure 4.5.

(a)

{n)

(¢)

(d)

The ITT cable end is prepared, as 1llustrated in tigure 4.6, by reoving
the outer amd Llnner sheaths (11) to access the fibers amd the strenyth

members.

The fiber ends are prepared and ferrules installed per section 4.2.3.

The cable strain relief, protective cap sub-assembly, outer housing,
couypling nut, coupling nut washer and three of the cable termination
parts (clamp nut, washer and seal) are placed wver the prepared cable
end, in the seyuence listed (reference Figure 4.5).

The cable termination is campleted, as illustrated in Figure 4.7. The
internal sleeve is placed on the end of the outer sheath. The Kevlar
stramds are folded back over the tapered outer surface of the internal
sleeve. The external sleeve is placed over the Kevlar strands, trapping
them between the two sleeves, and the Kevlar strands are trimmed (12) to

the end of the sleeve assembly. The fibers and cable termination

- 30 -

[N,




Alquassy
dedy 9AL129304¢

N NOIIYTIYISNI O01d 26 °p TH0O1A

J3yseM

A

ﬁJJQMHAﬁ»1HMW1I:;|

= e —

4 _w :.o..,_umfztmwp mzy.\ll |
e iDL

43113y uLedls 3(qed

ade)] ful(eas—

—

3 ﬁ’ 3 = —
A - " S

e . - ’

\ : n/ L

/|.| e
BULSNOH 433NQ . I~
T Lo L
—— Butads ~di() 3(NUA34

g uld H.\|~J1J

of 1 -[1»

Alqwassy-qns bnid

£ quassy-qns
aoejudju] buijen

- 31 -

-




OQuter Sheat

TN
-~

.~

-

FIGURE 4.6:

nner Sheath

- 8mm Max.

30mm Min.

30 cm

CABLE PREPARATION
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FIGURE 4.7: CABLE TERMINATION
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(e)

(£)

(y)

(n)

(i)

(1)

hardware are fed througih the rear of the inner housing. The clamping
nut is threaded into the housiny amd tightened (13).

The ferrule campression springs are loaded into their chambers in the
inner-housing.

In turm, each fiber is looped in the inner housing and the ferrule
inserted throuyh the cumpression spring into the mating interface,
insuring that the ferrule key enters the keyway in the housing.

The clip is inserted by campressing the springy away fram the ferrule
flange (18) and placing the clip between the flamye and spring.

Fiyure 4.8 indicates the relative positioning of the temninated fibers
to insure channel pair continuity irrespective of the number of cable
lenyths used. This is accamplished by transpusing each fiber in each
cable length between the mated connector channel pairs (ie fiber A is
located in channel 1 at one emd ard in channel 2 at the opposite end).

The connector is closed by uringing forward the couwpling nut washer,
coupling nut anmd outer housiny (reference Figure 4.5). The washer is
placed wer the outer tousing, the coypling nut threads engaged and the
outer housing rotated until the pin at the rear of the inner housing is
felt to be engaged.

The sealing tape is applies over the cable termination clamp nut.

The protective cap sub-assembly anl the cable strain relief nut are
browyht forward and tightened (14).

The protective cap is installed over the mating end of the connector.
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4.4 Bulkhead Receptacle

The procedure for installing the bulkhead receptacle fibers is as follows.
The bracketed nhumbers in this section refer to the equipment item numbers in
Table 4.1, The connector hardware items and their relative positions are
illustrated in Figure 4.9.

(a) 'The receptacle sub-assembly is located in the D-hole in the equipment
panel (17).

(b) The fiber ends are accessed tO provide approux imately 30 an to 45 am.

{({c) TMe fiber ends are prepared amd ferrules installed per section 4.2.3.

(d) In turn a ferrule retainer and couwpression spring is placed over each
ferrule onto the fibers. A clip is placed between the ferrule flamge
and the ocompressions spring. The ferrule is loaded into the rear of the
receptacle, insuringy that the ferrule key enters the keyway in the
housing. The spring and ferrule retainer are broujht forward and
secured in place (15) with the retention screw.

(e) The protective cap is installed over the mating end of the connector.

4.5 Mating Procedure

4.5.,1 Pluy-to-Pluy

(a) remove the protective caps frum both plugs.

(b) Mate the interface assemblies by aligninj the white indicator dots (the
interfaces are keyed, to mate in only one orientation).

(¢c) Rotate either one of the kiurled coupling nuts t the rear position.

N
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>

(d)

(e)

Rotate the remaining coupling nut onto the threaded section of the
mating pluy and tighten fimaly. The coupliny nut fully tightens in
approx ilnately 2 turns.

Mate the protective caps using one of their ocowling nuts.

4,5.2 Pluy-to-keceptacle

(a)

(o)

(c)

(d)

Remove the protective caps from Loth the pluy and bulkhead receptacle.

Mate the interface asseiblies by aliyning the white indicator dots.
(The interface. are keyed to mate in only one orientations,)

Rotate the pluy coupling nut onto the threaded section of the mating
plyy and tighten firmly. The coupling nut fully tightens in

approx inately 2 turns.

Mate the protective caps using one of their woupling nuts.




5. TESTING
5.1 Introduction

A testing program was conducted on the develommental model connector in
accordance with a test plan approved by CORADOOM. The detailed results of
this testing have been reported to CORADCQM in TR-1D42~03-80 (July 1980). A
sumnary of these results are presented in this section.

5.2 Test Sequence and Test Samples

Two connector assenbl ies were used for the test proyram. The tests and test
sequence on each sample are outlined in Table S.1.

5.3 Gowling Loss (Insertion Loss) Measurement Method

The equimment arrangement for the coupling loss test is shown in Figure 5.1.
The light emitting diode operates at a wavelength of approx imately 0.83 um.
Permanent attachment to a fiber pigtail insures that the light launching
conditions are stable for each test. The length of tiber inserted before the
test cable is required to condition the light distribution within the fiber
core. 'The graded-index conditioning fiber has the name nominal core and

cladding diameters as the fibers in the test cable.

An equilibrium or steady state mode distribution in low-loss, graded-index
fivers is achieved only atfter transmission through several kilameters of
tiber. The use of this much fiber is not practical for test purposes. The
use of shorter fiber lengths with non-equilibrium mode distributions
yenerally results in higher insertion luss measurements because of the
relatively yreater content of high order modes. Therefore a connector
passing the insertion loss requirements under these test conditions can be
expected to equal or exceed the test performance when installed in longer
cable lengths,
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TABLE 5.1: TEST SAMPLES AND TEST SEQUENCE

3 SAMPLE A SAMPLE B
1
! Connector Configuration two plugs one plug ami one ’
' bul khead "3
receptable
j Test Sequence 1. Qupling loss 1. Guplimg loss
: 2. Cowling nut 2. Cowpling nut
lf. rotation rotation
3. Mating durability 3. Mating durability

4. Qupling nut 4. Qoupling nut
rotation rotation
5. Strain relief 5. Flexiny stremgth
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Note, however, that the results of an insertion loss measurement do not
acoount for the additional losses expected when different fibers of the same
design are coupled through a connector. The magnitude of this fiber mismatch
loss is dependent upon the variations in core diameter, cladding diameter,

nunerical aperature and index profile,

5.4 Sumnary of Test Results

The developmental model connector has successfully met the contract
requirements as evaluated by the contract test plan. Table 5.2 is a summary
of the test requirements, methods and results. i

5.4.1 upling Loss

Because of the wide cladding diameter tolerance range (119 um to 131 um), two
ferrule bore diameters were used (127 pm and 133 um) to limit the transverse
offset between wating fibers., The fiber cladding diameters were measured at
the time of installation and a ferrule selectad based on the measured

diameter. 'The same ferrule bore diameter was used for both fibers in any one i

channel of the connector. The averaye insertion loss on Sample A
(pluy-to-pluy) was 0.9 dB and the average insertion loss on Sample B
(plug-to~bulkhead receptacle) was 0.8 dB. All channels on both assemblies
were less than the specified 1.5 dB.

The wide rangye of couwpling losses, 0.4 dB to 1.4 dB, is indicative of the
canbined influence of the large nunber of paraneters within the fiber
specification and the connector design (inclwiing fiber end preparation).
The paraneter generally considered to be the most significant is transverse
offset between the fiber ends. The factors oontributing to this include;

(a) the misnatch between the ferrule bove dianeter anmd the fiber cladding
dianeter

(b) misaligment of the ferrules due to tolerances in the connector
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(c) ovality of the fiber claddiny diameter, and
(d) eccentricity between the fiber core and cladding.
Other significant parameters include;

(a) mignatch of core diameters (which can occur during remating of the same
fiber as the core diameter can very within the lenyth of fiber removed
during fiber preparation),

{b) quality of the fiber end preparation (angle and flatness), and

(c) end separation between the fibers, (an order of magnitude less sensitive

than transverse offset).
(d) axial tilt between the fibers, and

(e) mismatch of numerical aperatures (which also could occur during remating
of the same fiber),

As would be expected with the larye nunber of parameters involved, there is
no direct correlation between the coupling loss ard the mismatch between the
ferrule bore dianeter and the fiber cladding diameter,

Because of the reported low N.A, of 0.15 on fiber 6, a series of bending
tests were performed to determine if the looping of slack fiber in the
connector pluy was contributing to the loss. The tests were conducted using
the test set-up, shown in Figure 5.2. It is essentially the same as the
equignent used for the insertion loss measurement. Two 2.5 an (1 inch)
diameter loops were wale at locations (a) and (b) on the test fiber and at
location (c) on the 0.17 NA pigtail fiber for camparison. The loop diameter
in the connector is approximnately 2.5 an. Iocation (a) is the approximate
position where the connector was installed during testing. 2Again, for
canparison purposes, the tests were conducted before and after the
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cladding light strippers were in place. The results are shown in Table 5.3.
The siynal drop with the addition of the epuxy strippers was 30.4%.

These results are unusual in two respects:

(a) The 0.15 NA ITT fiber, (a) amd (b), exhibits no bending loss at the 2.5
an loop diameter compared to a nominally higher NA, fiber (c).

(b) Although the addition uf the strippers caused the signal to drop 30.4%,
indicating that cladding light was present, it made very little
difference in the sensitivity to bending,

A possible explanation would be that different methods of measuring NA have
been used.

In conclusion, there was apparently no significant loss due to fiber bending
in the connector with the ITT cables supplied by CORADCOM. However, the

unexpected insensitivity to bending warrants clarification.

During erd preparation, the fibers exhibited variable cleaving

characteristics between fibers and at different positions along the same
fiber. The ends were cleaved to achieve a maximun erd angle of 3 degree as
measured on an interferometer?. The cleaving tool used was a mcdel of a

BNR design (Figure 4.2) which was adjusted to optinize its performance with
the ITT fibers. Some fibers regularly yieloed acceptable end angles while
others requireu considerable recleaving. Variations in the cladding diameter
and residual stress patterns in the fiber are thouwht to contribute to this
phenamenon, Fibers fram other manufacturers also exhibit similar
characteristics.,

As a oonseguence of these variable cleaving characteristics, the length of

fiber stored in the connector plwys varied from 6 inches to 18 inches (15 am
to 45 o).




1
i TABLE 5.3: BENDING LOSS TESTS ON LOW NA FIBER
3
Without Strippers With Strippers 1
Loop Diameter (dB) (dB) 3
1 (2 _loops) (a) (b) (o) . (a) (b) (c)
, l | | | | |
! 2.5an (1.0 in) | 000 | 0o | 0.23 | o | o | o.18
1.6 am (V.625 in)] 0.02 | 0.02 | 0.37 | 0,03 {0.02 | 0.45
1.0 au (0.375 i)} 0.08 [0.12 | 0.64 } 0.15 Jo.12 | 0.79
:




The insertion loss of the connector can be reduced by decreasiny the
transverse offset between the fiber aml the ferrule bore diameter. This can
be accauplished by tightening the tolerance on the cladding outside diameter
(presently + 6 um) which in turn will penmit the use of a single ferrule bore
diameter on all fibers. Provided that a reduction in cladding diameter
tolerance is accampanied by a reduction in core diameter tolerance (presently
+ 6 um), there is a yood prospect of achieviny less than 1 dB insertion loss

per channel,

It should be noted that under field oconditions different fibers of the same
specification will be mated. GConsequently, mismatch in core diameter ami
nunerical aperature will produce higher average and worst case losses across
a connector, irrespective of the apility of the connector to align fibers
with significantly different cladding diameters. Tnis will be counteracted,
at least partially, by the wmore favourable steady-state transmission

characteristics expected in long links (ref., section 5.3).
5.4.2 Durability

Trie intention was to remate the connector pluys 1000 times then clean the
connector ard perfomn a final remating, However, after 500 rematings the
loss on one channel (4) nad increased to 1.9 dB. Exanination revealed an
accumulation of wear particles, fraa the beryllium copper aligmment member,
adjacent to the ferrule contact area un the alignment meanber. Some of these
particles had becawe inbedded in the ends of the ferrules. On channel 4
particles could be observed at the end of the tiber. Similar wear was
observed on all channels, After cleaning, channel 4 improved to 0.5 dB,
compared to its initial readiny of 0.4 dB. The other channels (with the
exception of channel 2) showed modest loss improvements as a result of

cleaning.

The improveanent in loss with cleaning indicates that the loss increases were
caused by the contaminating wear particles rather than increased transverse
offset produced by wear. During rematings, one ferrule remains in the
aligmment member while the other enters amd withdraws. Dependiny upon the
initial positions of the fibers in the ferrule bores, the wear oould cause a
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slight improvement in loss if the fibers were being brought into aligmment as
a result of wear on one half of the aliyrment member,

AT 1000 rematings the average loss of 0.9 dB did mot change as a result of
cleaning. Again channel 2 increased in loss after cleaning. This increase
fram 1.0 dB to 1.4 dB (the initial value before rematings) is probably due to
increased sensitivity to loss variations as the amount of transverse offset
increases. This is illustrated in Fiyure 5.3 which is a representation of
transverse offset versus loss., Speclfic loss and transverse offset values
dare not noted as this aata for the ITY fibers is not available. The possible
change in transverse offset as a result of remating the connector is
represented by the quantity 'd'. This variability is due to the fact that on
remating the comnectur ferrules and aliyment mewber will not take exactly
the same relative posgitions. A comnector channel operating in region 1 will
show less variablility on remating than a channel operating in region 2 (ie.
at nominally higher losses) because of the increased slope of the curve.
During cleaning, the mating interface contailning the aliymment inembers is
renoved, thereby withdrawing the terrule that is normally stationary during
rematings., The reseating of this ferrule after cleaniny can produce
additional misaligmment resulting in an increase in insertion loss. The
swsequent rewating of the connector causes an improvement in aliymment ard

loss.

Design madifications to uiaprove wmating durability are outlined 1n section 6.

The cleaniny procedure for the ferrules involved the use of a cotton swab
SOaked in methanol. A "dry" cleaning method wasn't used. Experience has
established that a Jdry material (brush, cloth, etc.) leaves dust particles
and oonsequently trequent recleaniny is required. Water was ot used because
it can leave a residual film and it dries (evaporates) very slowly. Methanol

does not leave a film and it evaporates guickly.

The aligmment members in the wating interface were cleaned with a dry pipe
cleaner,
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5.4.3 Vibration

The connector assanbly withstood the vibration cycling (12 cycles on each of
three mutually perpendicular axes) without any change in trangmitted signal
strength. The coupling nut remained tight after the completion of the test.
N significant resonances were found. Sawe wear O the plastic orientation
sleeve which holds the aligrment wanber was doserved after the vibration
cycling. [oose particles were yenerated by the rubbing of the aligmment
mauber against the orientation sleeve. The orientation sleeve would still
function properly after vibration cycling but the particles could cause
contamination of the ferrule ends during subscquent rematings. These

particules can be easily renoved during cleaning.

Design nedification to baprove the wear characteristics are outlined in

section 6,
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6.3

CONCLUSIONS AND RECOMMENDATIONS

'The developmental madel, hermaphroditic, 6-fiber optical fiber oonnector
has demonstrataed the potential to function in adverse enviromments
typical of tactical field applications. The connector has successfully
met the specific perfoumance requiraments of the contract as evaluated

by the test plan,

Wear in the develomuental models during testing involved;

the generation of lovse particles fran the aligmment menber by the

tercule as o result ot rematings, and

the generation ot louse particles fran the alignment wember orientation

sleeve by the aligmment menber during vibration cycl ing,

huring tinal developaent, the wear can be reduced with relatively minor

changes to the connector,

The remating wear on the al igmaent wanber can be reduced by decreasing
the spring load exerted by the aligmuent on the ferrule., This can
likely be achieved without degrading the performance of the al ignment

wenbar under vibration,

The vibration wear on the orientation sleeve can be reduced or
2]l biinated by changing fran a thenwoplastic material to an elastaueric
material for this part. The clastoneric material will deflect during
vibration, thereby avoiiling rubbing with the aliygnment menber.

Reductions in average and max nun coupling loss (insertion loss)

experienced under field conditions (where mismatched fibers are mated in

the cuvnnector) can be achieved by reducing the tolerance on the fiber's
core and cladding dianeters, ard by reducing the allowable variation in

nuunerical aperature.
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6.4

The use of a single ferrule bore diameter would also result fram tighter

control of fiber dimensions.

The cable and fiber specification should be fixed prior to final

connector develomment. This will insure campatability between the cable

and connector,




F- e

7.

1.

3.

REFERENCES

"Hernmaphroditic Gonnector for Optical Fiber Cable", BNR Technical
Proposal P175 suanitted to CORADCOM, June 1978.

K.S. Qrdon et al., "Fiber~break testing by interferometry: a comparison
of two breaking methods", Applied Qptics, Vol. 16, No. 4, April 1977,
p. 818,

D. Gloge et al,, "(Qptical Fiber End Prepartion for Low-Loss Splices”,
Bell system Technical Journal, Vol. 52, No, 9, Nov. 1973, p. 1579.




DISTRIBUTION LIST

Defence Technical Information Center
Attn: DTIC-TCA
Cameron Station (Building 5)
Alexandria, VA 22314

(12 copies)

Director

National Security Agency

Attn: TDL

Fort George G. Meade, MD 20755

Code R123, Tech Library
DCA Defense Comm Engrg Ctr
1860 Wiehle Avenue

Reston, VA 22090

Defence Communications Agency
Technical Library Center

Code 205 (P.A. Tolovi)
Washington, DC 20305

Office of Naval Research
Code 427
Arlington, VA 22217

GIDEP Engineering & Support Dept.
TE Section

P.0. Box 398

Norco, CA 91760

CDR, MICOM

Redstone Scientific Info Center
Attn: Chief, Document Section
Redstone Arsenal, AL 35809

Commander

HQ Fort Huachuca

Attn: Technical Reference Div
Fort Huachuca, AZ 85613

Commander

US Army Electronic Proving Ground
Attn: STEEP-MT

Fort Huachuca, AZ 85613

Commander

USASA Test & Evaluation Center
Attn: I1AO-CDR-T

Fort Huachuca, AZ 85613

Director

Naval Research Laboratory
Attn: Code 2627
Washington, DC 20375

Command, Control & Communications Div.

Development Center
Marine Corps Development & Educ Comd
Quantico, VA 22134

Naval Telecommunications Command
Technical Library, Code 91L

4401 Massachusetts Avenue, NW
Washington, DC 20390

Rome Air Development Center
Attn: Documents Library (TILD)
Griffiss AFB, N.Y. 13441

HQDA (DAMA-ARP/DR. F.D. Verderame)
Washington, DC 20310

Director
US Army Human Engineering Labs
Aberdeen Proving Ground, MD 21005

CDR, AVRADCOM

Attn: DPSAV-E

P.0. Box 209

St. Louis, MO 63166

Director

Joint Comm Office (TRI-TAC)
Attn: TT-AD (Tech Docu Cen)
Fort Monmouth, NJ 07703

Dir., US Army Air Mobility R&D Lab
Attn: T. Gossett, Bldg. 207-5
NASA Ames Research Center

Moffett Field, CA 94035

HQDA (DAM)-TCE)
Washington, DC 20310

Deputy for Science & Technology
Office, Assist Sec Army (R&D)
Washington, DC 20310

Commander, DARCOM
Attn: DRCDE

5001 Eisenhower Avenue
Alexandria, VA 22333

|
[
L
!




Galileo Electro-Optics Corp.
Galileo Park

Attn: L. Thompson
Sturbridge, MA 01518

Electronics Group of TRW, Inc.
401 N. Broad Street
Philadelphia, PA 191608

Valtec Corporation
Electro Fiber Optic Div
West Boylston, MA 01583

Belden Corporation
Technical Research Center
2000 S. Batavia Avenue
Geneva, IL 60134

Attn: Mr. J. McCarthy

Hughes Aircraft Company
Connecting Devices Division
17150 Von Karman Avenue
Irvine, CA 92714

Atta: Mr. J. Maranto

Harris Government Info Systems Div
P.0. Box 37

Melbourne, FL 32901

Attn: Mr. R. Stachouse

ITT Defense Communications Division
492 River Road

Nutley, NJ 07110

Attn: Dr. P. Steensma

GTE Sylvania Inc.
Communications System vivision
189 B Street

Needham Heights, MA 02194
Attn: Mr. J. Concordia

Commander

Naval Ocean Systems Center
Code 8115

San Diego, CA 92152
Attn: Dr. H. Rast

Commander

Naval Avionics Facility
Code D831

Indianapolis, IN 46218
Attn: Mr. R. Katz

Commanding General
Wright-Patterson AFB, OH 45433
AFAL/AAD-3

Attn: Mr. E. Friar

Commander

Naval Ocean Systems Center
Code 4400

San Diego, CA 92152
Attn: Mr. R. Lebduska

Commander

Naval Ocean Systems Center
Attn: Library

San Diego, CA 92152

General Cable Corporation
160 Fieldcrest Avenue
Edison, NJ 08817

Attn: Mr. M. Tenzer

1TT Cannon Electric Div
666 East Dyer Road
Santa Ana, CA 92702
Attn: Mr. R. McCartney

Mitre Corp.

P.0. Box 208

Bedford, MA 01730
Attn: Mr. C. Kleekamp

Project Manager, MSCS

Attn: DRCPM-MSCS-JSPB (Capt. E. Howe)

Fort Monmouth, NJ 07703

National Bureau of Standards
Electromagnetic Tech Div
Boulder, COL 80303

Attn: Dr. G. Day

Defense Logistics Agency
Attn: DESC-EMT (Mr. A. Hudson)
Dayton, OHIO 45444

Commander

Air Force Avionics Laboratory

Attn: AFAL/AAD-2 (Mr. K. Trumble)
Wright-Patterson AFB, OH 45433

Brand-Rex Company
Willimantic, CT 06226
Attn: Mr. T. Redmerski




CDR, US Army Signals Warfare Lab
Attn: DELSW-0S§

Arlington Hall Station
Arlington, VA 22212

CDR, US Army Signals Warfare Lab
Attn: DELSW-AW

Arlington Hall Station
Arlington, VA 22212

Commander

US Army Logistics Center
Attn: ATCL-MC

Fort Lee, VA 22801

Commander

US Army Training & Doctrine Command
Attn: ATCD-TEC

Fort Monroe, VA 23651

Commander

US Army Training & Doctrine Command
Attn: ATCD-TM

Fort Monroe, VA 23651

NASA Scientific & Tech Info Facility
Baltimore/Washington Intl Airport
P.0.Box 8757

Baltimore, MD 21240

Project Manager, ATACS
Attn: DRCPM-ATC
Fort Monmouth, NJ 07703

CDR, US Army Research Office

Attn: DRXRO-IP

P.0.Box 12211

Research Triangle Park, NC 27709

Director

N.S. Army Material Systems Analysis Actr.

Attn: DRXSY-MP
Aberdeen Proving Ground, MD 21005

Advisory Group in Electron Devices
201 Varick Street, 9th Floor
New York, NY 10014

TACTEC

Battelle Memorial Institute
505 King Avenue

Columbus, OH 43201

Siecor Optical Cables
631 Miracle Mile
Horseheads, NY 14845

Bunker-Ramo

Amphenol Div

33 East Franklin Street
Danbury, Connecticut 06810
Attn: Mr. J. Makuch

Ketron Inc.

Attn: Mr. Frederick Leuppert
1400 Wilson Bldg.

Arlington VA 22209

R.C. Hansen, Inc.
P.0. Box 215
Tarzana, CA 91356

Times Fiber Comm, Inc.
358 Hall Avenue

Attn: Mr. A. Kushner
Wallingford, Conn 06492

Commander

ERADCOM

Fort Monmouth, NJ 07703
Attn: DELET-D

Commander

ERADCOM

Fort Monmouth, NJ 07703
Attn: DELSD-L-S

Commander

CORADCOM

Fort Monmouth, NJ 07703
Attn: DRDCO-COM-D

Commander

CORADCOM

Fort Monmouth, NJ 07703
Attn: DRDCO-SEI1

Commander
CORADCOM
Fort Monmouth, NJ 07703
Attn: DRDCO-COM-PM-1
(15 copies)

Corning Glass Works
Telecommunications Prod Dept
Attn: W. Babcock

Corning, NY 14830

puadioor b







